253

23T Lighthouse Scholar 2IL. =
F b X F

g4t 3
SN

oL B B

roant o e

Free e

B M journal.gzzoc.org.cn

doi: 10.12419/25050601 o £23K .
View this article at: https://doi.org/10.12419/25050601

FEMRIZHE B 2 7R R B i 55
RAHI? sk, R AR, M A, SN
(1, HERCBERC2 BRRH B, BT % 210029; 2. HT BB IG5, 13 210029)

1. RELM
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ARBHEE R R B XU AE T, RERT AVE AR R AR T T B K, dmT AR IESTR AR 4P 7R
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Research progress of lipocalin-2 in ophthalmic diseases
ZHANG Yizheng"’, ZHU Qi"*, BAI Wen"?, LI Keran"*

(1. Eye Hospital, Nanjing Medical University, Nanjing 210029, China; 2. The Fourth Clinical School of Medicine, Nanjing
Medical University, Nanjing, 210029, China)

Abstract Lipocalin 2 (LCN2/Neutrophil Gelatinase-Associated Lipocalin, NGAL) is a multifunctional secreted
glycoprotein that plays a pivotal role in the pathophysiology of numerous ophthalmic diseases. It influences
disease progression by regulating key mechanisms such as iron metabolism, inflammatory responses, and cell
death pathways such as ferroptosis and apoptosis. Under normal physiological conditions, LCN2 is expressed at
low levels in ocular tissues, including the corneal epithelium and retinal ganglion cell layer. However, its
expression is significantly upregulated under pathological conditions. Its function of LCN2 is highly context-
dependent, resulting in a dual role across different diseases. In some cases, LCN2 acts as a pro-inflammatory and
pro-apoptotic pathogenic factor, as observed in glaucoma, retinal ischemia-reperfusion injury, and dry age-
related macular degeneration. Conversely, it can exert anti-inflammatory and protective effects. For instance, it
provides protective immunity against bacterial growth in bacterial keratitis and attenuates inflammation in
endotoxin-induced uveitis models. This intricate multifunctionality highlights LCN2's complex and versatile
involvement in ocular pathology. Given its significant concentration changes in ophthalmic conditions such as
diabetic retinopathy, glaucoma, and age-related macular degeneration, LCN2 holds promise as a potential
biomarker for disease diagnosis, staging, and prognostic evaluation. Furthermore, targeting LCN2 expression or
its downstream pathways offers an opportunity for developing novel therapeutic strategies for ocular diseases.
Future research is crucial to further elucidate its complex functional network, thereby facilitate the translation of
this mechanistic understanding into precision diagnostics and therapeutics.
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BCAR (IR B e . R T [FER . AR
RO SRR LR

B T RCIRSS & Sk — SEA T RESL, IR
12 B b 2 B AL R A 2 TR R,
55 R R AR T 2 AR AR R, ARIE K
AR TER S TR B WIRE ) o X SERRIE A it
32 B 1 B D) RIS A PR M T A

PE Mg Btiz 48 1 (lipocalin) AR — 44 1
51, JRFE#&E H 2(lipocalin 2, LCN2) Z&—Fhor+
2N 25 kDa (4 IROEEE (D I A £
ANIA4 A A PR 0 i P I A G i S5 18 R
1 (neutrophil gelatinase-associated lipocalin, NGAL) ,
PR E L 24p3 (T A/ BUE R0 A Y4
KB, LON2 eRIAE N e 40 R T %
BB, WS B SE )2 ek T 2 R A SR AN 2
B, JEHAERAE BV R T RB B3 L.

TR, BORMZ AR SR S B LON2 7R IR B}
BRI KA . R R E R EAR M . IRER
P BRI A8, LCN2 198481k K L T pes%
M Bk Sz HRGE o SR, LCN2 78 HR 8 £ F AL
0%, B BAEATRBIE T A [FIESE AP 5L B
BT & AEE R (N, A7 I E 58 5 0 40 i A
T2, AENAEIRAE . PRIFANAR) . XA 2R AT
REVR T H 2Ry T KRB AR IR . FF
ST 8 A2 AACRE ELAE FH DA S e Ak 1) s BRARCER 455
I, 4T RS LCON2 78 HR B4 8 h i BiF 5%
PEJE, XTI PR AR AR RT . IEAG
VRN SRR L R W R E 2 A
ZEIRA AR A DEFEUEE , RS LON2 1973
TR . AR IE R BRAS T IR TR R85 E AL
TEAS 2R FERPI (THRAE . A RB . 4
BESe . FOGHR W B ) FR A A AL
Ve Whr SR E A SORIFRTS, JFRY
BIWESEAAAE R LS AR R TT 1) o

1 LCN2 &5 =

A2 LON2 LR 7 T e ik 9q34.11, 45
W—NEHEESR 2. VIBRGES G,
(467 LON2 76 [T 198 NE LA %, 71
2000 25 kDao Ho/N BRI 3% R /2R 8RR oA
Len2 5 H At — 26 fiig B 12 3% 8 (1A [ 1 2
LCN2 Y Jl Ak Hoaw vk, & HESI A 5 IF v o

FR Pk Y B PR AR AL, X TS LCN2 ANURESS &
BN, IRRESS G — S KA (ANERER4A) i
FRKME T, XA HZFENAEY = INRESEE T 45
LR,

LCN2 ff0 —Ff r W 11, ol LAl ad 52 R4y
TN AR IR0 B E R AR . H RS 42 PR
Al BERY AN A T sZ K (SLC22A17 1 Megalin), Wi
Pynli i Z RS AR s i LON2 BEA 4.
5 R 1 SLC22A17 J& A HLIA B 5 F1 FH B 145 12
k SLC22 FGE AR I 511, 2 5k ki iz
B, w2 A0 R A B e O T AR R R
ARSI = X A R AR 4 A 2 A
PEAT SLC22A17 /A (A T S 4L ALt o, (A HLAE
RS, S Al 42 S o 4 B T o 2 o v A R R,
$i& 7 H AT RE 7E AL ) S 2 ALY 40 i (40 Mller 2
L AL R 255 41D (retinal ganglion cell, RGC) |
/NN Hh Gk . Megalin J& TR % B iR &
ZWRFEG, 5 EIEHE A (low-density lipoprotein
receptor, LDL) 2 & EL A5 &5 A L1, J& — F
SRR SEN, BAZEAS SN0,
IR AR ZH 2, Megalin B9 40 M 53 A B A7 LLF R
M 1) LA 2R T Y (retinal pigment epithelium,
RPE), Megalin 7E RPE #fi jfi 11 (1) 3% ik © 15 2 52 43
RS, HHRBRIC/INVFIAR W IS L) M2 RPE JE A R
RIE S A, 2) HEIRIA |2, Megalin 3
Sr | BN N o AR B PR Wk | 2N NI
Hz U0 H 3 K 52 A8 S B Donnai-Barrow 45 & 1F
S e KA A IR AN R LY 3) e 2 R
F 5 0 75 78 S A 5 LRSS A6 260 e ) BB AR v,
MR 1) Megalin Ik AR, SR, ZE0W
LA BE W8 i 1 P 25 400 0 B PN R 4 M S AR (dn
CREAZ A . OKENANAE . P21 A FT) Y Megalin &
AR HAE 4 & F RS 5 0
(hedgehog, Hh) f5 51 R MMEH, R HTRES
RGC B HFTARLHMIA OC . HRERAS R B E A0 241 ff 25
ZE SRR IR X PRI Z R, R LON2 7R IR F 4%
AA —E 1 4 MR

2 LCN2 ERRFHIRIEEEA
21 IEFEEEHG
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TR T AR 50— IR H R AE T Y
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22 REEHFTHRELASEM

LCN2 43R 1K 76 2 B I Al o5 BORZSH 835 B
P, HoE Rz A, BT H S 55N R
Mz . TR RS s B s 25, i
13375 5 B4 10 99 A5 P (Abcad " "Rdh8 /N L) ATHAL
DX JBS G 1ML F5- 7 1 (retinal ischemia-reperfusion, RIR)
B LCN2 7 RPE 40 . /N5 5 240 Jfd 2 40 1)
BN Z A& iR bR as T, HITE K
S0 AR AR O SR MG T, A
A [B5 Z B (lipopolysaccharide, LPS) i 5 1Y K BN
72 = M 49 X R (endotoxin-induced uveitis, ETU)
H5E AU VR0 A JBE AR [ 4 B R L T (P. aeruginosa, PA)
YL LCN2 F i 32 %5 A T Miller 4 i =5 £ 5
b e BT, T B P 2 A v ) R
T G i AN R 1 FE T ORIRBEAYf, LON2
190 5 o 28 98 R T R B A OGO LA R R

&1 LCN2 EARRBHERFE R LY F 8L

P i 955 A% (diabetic retinopathy, DR) (% ik {4 B 2
(streptozotocin, STZ) 5 T WUME IR KB . =ibE N
B AN Be PDR A8 358 VAR R AT e AR GV 25T
APk (age-related macular degeneration, AMD) (5
i3 . 1 AMD /b U A RPE FEAR) Hi, LCN2
KV 0 1T 77 PN B A0 B A R A e Tk, S
MAE S5 . 4k & RPE A PE % UIAE G, HRE
TR A T AMD R L gk,
LCN2 e 90 5 0 25 (5887 B A kg K /N B R
BEEARBOM . AR (GRE ISR )
FOWE BRI 1k A B (AR B B2 A ) rh gk |
PAU, B i AR PR R R AR S P
IRV 258

3 LCN2 ZERFRFH R IThEE

LCN2 75 2 i AR BH5 4 BE A= P 7 v 4y
WA R B M . HAR IR BOR T 5w
A | B BELL R I K i AR AN 73R B .
BEWAR1.

Table 1 Biological functions of LCN2 in different ophthalmic diseases
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3.1 REEKR
3.1.1 TR

T-HRAE (dry eye disease, DED) j&—Fl 2 [ & )
FHIG, B FRIE SR TH IR S AT AR e g i Y
RIETE DED By A bl h 2 OCH L, W R 2R
MR- (40 4 A A % -1 (interleukin-1 beta, IL-1p),
F 40 i34y 2 -6 (interleukin-6, IL-6), AR SRFE R T-a
(tumor necrosis factor-alpha, TNF-a), FANp s 2-17
(interleukin-17, IL-17), T4 & -y (interferon-gamma,
IFN-y)]. 1k R F3E T 4 Jm & g (A 38 5 4 e
] M B -9 (matrix metalloproteinase-9, MMP-9)]f#
RIS LON2 fE R — A RAER T 7, 1
ARGtk gnErh iz 2kl HRELE R 5 DEDOL
H & 78 K od 5k Al DED) AH ¢ 1Y B 2% f 45 T R
(blepharokeratoconjunctivitis, BKC) I¥ [ #z At T) fig
B % (meibomian gland dysfunction, MGD) 1, %
AR IS AR AR A W h ) LON2 KT, 4R
HATRES 5 T MRS AR R a8 vk e 2 0, %
JE % DED IR0 BUE RAE, JF H LCN2 7EAHSC
(149 HIR & 9 595 Th B UE SE Ty, 4 LON2 AR AT
fEZ 5 T DED WRIEMER . SRI0, HurEEA
I DED 2 THW H LON2 7K b H 5 9 i 1= d A
JE ol A S R A ST IE B S T4y, B AR A
DED iy EARAE F AR A= W B B 08 0 2ok
K E LT ),
312 ARG s

FANGE L R B S — 0 AT RS . HE A
G320 A R R R (1 A e RE PO SRE
TEJA B iR AT s, (H 5 B 0 98 0% Iy 23 BH
RAS Y, WFRC R, LON2 7EME 105 0 fr sy
HRLP- 400 V8 25 TR A £ . e /N ERBEAL Y, LCN2
FEPIEER (Len2™) S 25005 1 1F % FUBE 0 /)N B
FAIRE b e (05 1 A R EE RO X B, AR A Hl e
RIS, HE R A i LCN2 W REXS K2
B A = A s e . AL T B SR T R AE
RV AT 5 sz ik g Th e, B
ZH L FE TOREICAY TL-1B £ 1 i An T A ) B
HAREMH T B i #2158 BE S . LCN2 1)
Fikib 5 1L-36 3Z{& (IL-36 receptor, IL-36R) {5 =
AR CHK , IL-36R 15 % [MIREII 6l MR A 5, 1
IL-36R i [ /N B AP LCON2 3 1K 48 5if {H @ & ikt
PR LCN2 AT RERL T IL-36R {55 5 F 7 8- 1738 %
e, I S 5 0 A A o R R R N,

LCN2 () b I8 ] RS2 5080 A J 4 43R (Unp
FA AR B EL R 2R 22—, fdi LCN2 AT RE AN
A R R A8 52 ) — b PR A SR
313 ARX

55 7E G TR P 5 1AL A R R R B A
LCN2 76 Ji7 X 20 8 P A B 48, 4 )02 PA JERILR)
REBRI N X5 HEO KRR aE
RlE—38 1 B A 40 T Ak 2 AR B T 4 e A
—%, 7E PA fAIEAR /N R, LON2 i S
Fo TS REAR T T, RIS . A
DA 240 T 2k e 18 0 DA R O 2 A e e i 3 i )
ML I, LCN2 Ay Je sl e 1 fa I 1 Bz il 48 5 Al
PUHE RN . 2R H T IL-1p Al TNF-o £iETHE
TP B AH 2 0 20 i R 1~ CXCL10 AT B Ik B-Bi i
K-3(BD-3) BRIR N FEAK. BLAh, LCN2 bt
fib % $iE /> B 40 IL-17C . IL-6 1 CCL20 1 % ik 24,
TEANML)Z T, LCN2 A Bl T 78 2 g FL 0142 F 5
AN, FEAEJS AT Thl A1 The 4R &2,
X ol 7 £ SRR ARG T 403403 A v BRI Y A
A, B/R T LCN2 X d iy i N EINRE . LA,
FRE F R A B e RS (A0 PA AR
i3 IL-36a) |98 LON2 iR, 3™ i 1 #f B
AR — A B bR, RS e
S5 R R A, IR A AR A A
FEHE R LON2 IPARN TS, FE 9 IR AR AR () 32 2235
NI R T — N BT B, BT R T A
200 R0 A0 2 T 2 40 R i =2 R BV RS B R e
AT AT Bl TR B4 i T4

32 HHEX

B8 S —Fh LUK A S E MR AIE B Y
TERFFY LCN2 168 58 th AR I, — i
Jig Z M (lipopolysaccharide, LPS) 175 KRN R
4 % 75 %8 (endotoxin-induced uveitis, EIU) 1 %l
TSR T4 NEA R gE 1 Fe iz Rl
MR Py LPS J&, PRI LON2 Ay 3Rk i 3
i, JEHIRAE Miller 40 FTAE M XL (FMZ )M,
SR, 5 T HC AT BB A0 AR E AR B, BIFSE K LA
PRPEZG T (BB A T 5) i 4H LCN2 25 1 R i i
FHIEE T EIU MRAEFEEE . RIUAIGIRIT /3 R
SNE AR AE D | 5 K R R R ) 2 R T
KA % I F [TNF-a, IL-6, B 40 i #4 1k &
-1 (monocyte chemoattractant protein-1, MCP-1)]
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IKOE 3R RS i —AHIE ST, LON2 &b
PHEEAS A ] LPS HI3 % AR Miller 20 Jifd ™= A F1 43
WX BEAE R PR, HALH 48 78 i LCN2 BB
il NE-«B 15 5 1 % il 3¢ 5 0 B8 —pe65 IV 5
FRAL R 2 S A, FE ThAY B e v A
g U g H LCN2 AKETh i, fEm
25 5HE PR RIE D R

33 BHER

LR — 2R DL T M i 2 51405 F RGC At
TR AR 2B A TPE , WA IR R T Y,
B B 4%, ¥ AU T . IS DO RE R A |
MagtERE . MAERETZ . AN DL &
P2 RAE (25 il B B A0 I BTSSR 8l ) S 2 AT
17 PO /NG ) T i R A S SO P TR T A
JRPE BT BFSR R, LCN2 7675 G HR 19 95 B 4o
hREE A EW . EREMMA G, JCHEAE S
YA B L N oy YA A=Y = a1
F/N B RGC/A M i rf LCN2 (0 3234 2 1 3 %),
It H AN 3% LON2 K T el AR,
LCN2 4] 8l 2 B% ol (1 BE 08 {2 8 ek 58 2 v v AR R 7%
FERPH AT 7, A R X REE DA [ A B A 4
(/NS 5 40 M R B TR s T 2 ) AR, I AR A
KA T (41 TNF-a., IL-1p) MK IS it
il 31X — ZR 5 B i 28 RAE RN, LCN2 g I fe 28 %)
RGC EH| T MR 1EN, WA T RGC 1 ER
AT, ks T INDEMAE 5 & AL (flash visual
evoked potentials, F-VEP) Tt 5 (19 ¥ 5 D AE"S, 1ty
A, B—TRHFSE I LCN2 fEfS 3% RGC P2
MBI, kubg BRI, LON2 & Ak
T OCHR 45495 5 i 48 98 RE SR Je g ) S B A i,
ZACHE T S 4 IR E AR S A RGC AETS . I
LCN2 7K -5 0 190 I 48 i 7™ o it J3E LA A S
$E78 LCN2 AT G4 Ry I e 2t 75 B HR R P9 4R E 5%
FEM 4 B A EY, SR ESTEAR RS
Z 5l e AR AR

LCN2 78 20t 55 HR A2 14 5 6 HR o i 7R
MEA M, W EESR. AR EERES,
LCN2 o, SZRPZI . 20 B 4 28 98 E ik
SN B — 4y, W B E RS - 0 B B
(blood-retinal barrier, BRB) 3 Fll 7 J&] 50 522 41 g R
A, MEEETCIRA, LCN2 /9 FEEH
R CRFEA, INESATYER . G R4 SR ATAR

PR, H 0T B850 RS PN TR A gt 2 R AR TR i
T AT D 14 5 N B R A O O e A
2 (R EEA) L ZEE R ERFLEA ),
LCN2 A A 190 I Ji5E i 28 9 0 J o — > e ] H.
XS 5HEHM . BT RY THRHEE ST
i3 (damage-associated molecular patterns, DAMP)
5 DAMP {55 B R A%, filh & S0 E) BRB 3R |
CUIEZY e ) R A ) A PN R & s L P A L} 2
B S —E i FE B LON2 AR — AN E bRk
Wy, i H AR 20T IR A 285 A8 A 1 3L
I PR 28 RORE A BE 1 32 3l DTk -

3.4 MERR
3.4.1  HEIRIRALM IR K

DR 24 bR i 5 UL A0 B4 I & AR 220
rvepemn, s oS | & AL . B ek
RAE . FHALN WL M N B AE K (vascular
endothelial growth factor, VEGF) i ik G L Fh A
IRzh, BT UEESRZIZERT, LCN2 7 DR B KK
B 37 38 5 0 I BOR M 1, e, LON2
KA DREF MY BER T B ET &, 5
VEGF 7K J 555 16 vk 5L IE AR 56U FE s IR
S AR TR A Ak B R BT B R, LON2 %
et R, Hk, LCN2 H#:5 5 DRI 3 A E
BRI 1) RO AR AR, 5 I A T
FANL T, AR A R RS L R ZE A
A G AR IR IR )Y 2) MR AT R AR
J T A ) I A2 g AT i T 2T B T RE Y5 3)
PRI S 98 R, LCN2 43 W6 388 0 2 3 55 R 0 40 g
SRR F =, JFEid i Caspase-1 4
T ) R T SRR R O LA P R AT P R E
T EEEAIE, ERERR R BB, il
AAV 4131 shRNA @Il fE LCN2 K35, fg
fif {2 U R A0 TR S 40 D LML A T RE A . X ek
AL [FEE LON2 2 o7 b o #2 05 JR AR I =L S
DR AZ DR BE (M4 . ARtk . 20E) 1%
Y TARAL, Al — S ELE 1 ) DRIRYY
A

VEGF /& DR HB A= 148 T S50 1L 6573 175 14 1
Hi EFIK S K 7. LCN2 5 VEGF Z [AIfELE PR
YT, JEEHESH DR A EgE e e 1 5 v
PR 955 W 9 555 4% (proliferative diabetic retinopathy,
PDR) & # h W %< 3] LCN2 5 VEGF /K¥[8 /£ 78
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AHOEHE . PDR FURE R S5 85 BE/K b (diabetic macular
edema, DME) # 3& B S /AW th LCN2 #1 VEGFA 1
KPR v TR AL . FEPLHI B, LON2 Mg i R
JiE, T SRAEAS B AT LA 98 VEGF. g%, VEGE
W B AR RO o X AT R W — A~ 1F S5t ] i
LCN2 I VEGF 7 DR " AH B JHOR 4 AE FIL A A= i
9Kzh . Bihn, LCN2 n] REZFEE RAE AN, X Le
20 i Bt J 4 W0 B 22 1 VEGF; o #% LCN2 Al g B
B ok )R N AN VEGE By ROREPEY
342 AR KM B T M

AMD JEAFE AN IR FE A, AL
fill /& RPE DIRERENG . BEISHEPEIE A . 121k 48 AE AN
AACDN P, A FEOBENMRZESS (T AMD) 5%
Tk 28 RS AR A4S (R AMD)™ . S8 U, A4
JTERBEE . AMERGE . RAE/DMMEBOE S, TE
AMD &5 R SCHEE P, WFoE W], LON2 £
AMD, JtHJEALE T AMD (1555 3 A 5 75 op
FEA EAEHT . I LON2 K SEAEIR P AMD B 3%
b, HSAER . PEER b MoR g0 M gk DL S
PEAF e R AR ™, 78 T4 AMD 9/ BRUBE RS (41
Crybal JE[H @Bk B M T AMD B4, RPE
MY LCN2 35 B, Rl H R R — R IR P
2w R, WUk PFIE 7R, LCN2 78 RPE 41
ML 47 18 G DGRy R R A 6 BaEad S [
#H 5% #5 FH 4B(autophagy-related protein 4B, ATG4B)
G, M EEEMMERCERD 1 K83
(microtubule-associated protein 1 light chain 3-1I,
LC3-11) Pidk, MDA BELWT F Wk, 35 7 4007
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